Background: Severe acute pancreatitis (SAP) and obstructive jaundice (OJ) are frequent recurring diseases that bring
Introduction
Severe acute pancreatitis (SAP) and obstructive jaundice (OJ) are frequently occurring diseases that bring about a huge threat to human health (Chiuţu, et al., 2006; Kucuk, et al.,2003; Padillo, et al.,2005; Petejova, et al.,2013) . The aggravation of SAP and OJ are mainly due to the dysfunction of multiple organs and remote organ injury (Assimakopoulos, et al.,2008; Grintzalis, et al.,2009; Ling, et al.,2009; Yang, et al.,2013; Zhou, et al.,2014 ) , the kidney is one of the most frequently affected organs (Lin, et al.,2011; Li, et al.,2010; .
SAP is believed to be major risk factor leading to acute kidney injury (AKI) among critically ill patients (Zhou et al., 2015) . It has been reported that, once SAP patients are complicated with acute renal failure, the mortality rate of expression in lung of SAP or OJ rats; (5) salviae miltiorrhizae can inhibit hepatic TLR4 expression in OJ rats to facilitate the recovery of hepatic function and pathology; (6)with low price, broad pharmacological action, confirmed curative effect, little side effect and great use-able, salviae miltiorrhizae is indeed worth generalizing for its adjunctive therapeutic effect on SAP and OJ; (7) applying tissue microarray technology to the pathological detection of SAP and OJ is timesaving, laborsaving, high-efficient, finely representative, and deserving generalization.
In this study, we observed the effects of Salvia miltiorrhizae injection on apoptosis and NF-κB expression in kidney and explored the protective effect and mechanism of Salvia miltiorrhizae on the kidney of SAP or OJ rats. The results obtained will provide a theoretical basis for clinical application of these drugs. And the datas related to apoptosis and NF-κB expression in kidney have not been published in anywhere.
Materials and methods

Materials
Total 288 healthy male SD rats of clean grade, weighing between 270 and 330 g, were provided by the Laboratory Animal Research Center of the Zhejiang University of Traditional Chinese Medicine(China); sodium taurocholate and sodium pentobarbital were purchased from Sigma Corporation, USA; Salvia miltiorrhizae injection (each 10-ml vial contains active components equivalent to 15 g of the original medicine) was purchased from Chiatai Qingchunbao Pharmaceutical Co., Ltd(China); anti-NF-κB P65 and anti-Bax antibodys were purchased from Santa Cruz Biotechnology, Inc.(USA).
Methods
Animal grouping: 108 rats were used for SAP-associated experiments and randomly divided into sham operation group, model control group and Salvia miltiorrhizae treated group (n=36), which were further randomly subdivided into 3 h, 6 h, and 12 h groups (n=12) according to time points after operation; another 180 rats were utilized for OJ-associated experiments and randomly divided into sham operation group, model control group and Salvia miltiorrhizae treated group (n=60), which were further randomly subdivided into 7 d, 14 d, 21 d and 28 d groups (n=15) according to time duration after operation.
Preparation of animal models and associated therapeutic regimen: The related research was reported in recent article (Peng, et al.,2001; Qin, et al.,2013; ). Briefly, the steps of SAP preparation were just as follows: Sodium taurocholate (3.5%, 0.1 mL/100 g) was transfused into the bile duct through the direction of the papilla at a flow rate of 0.2 mL/min. Fifteen minutes after successful operation, a single dose of Salvia miltiorrhizae injection (0.4 ml/100 g body weight) was given via femoral vein to rats in the treated groups while equal volume of physiological saline solution was used in the sham operation and the model control group. Continuous infusion of physiological saline solution using a microinjection pump was then maintained until the end of the 3-hour, 6-hour and 12-hour observation period in the corresponding groups. This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory Animals of the National Institutes of Specimen collection: At the corresponding time points after operation, SAP or OJ rats were anesthetized with 2.5% sodium pentobarbital and killed. Blood samples and kidney tissue specimens were then collected, respectively.
Immunohistochemical staining of Bax, NF-κB P65 proteins in the kidneys: The Envision two-step method was used to detect the expression levels of Bax, NF-κB P65 proteins in the kindeys. The evaluation criteria were as follows:
(1)the staining intensity was evaluated according to the extent of cell coloration: "-" represents negative staining; "+" represents mild staining, positively stained cells showed a yellow pigment; "++" represents moderate staining, positively stained cells showed a brown pigment; "+++" represents intense staining, positively stained cells showed a dark brown pigment, each of which was scored as 0, 1, 2 and 3 points, respectively, during statistical analysis; (2)the evaluation criteria of the positive staining rate: none of positive cells (-); the percentage of positive cells was less than 25% (+); the percentage of positive cells ranged between 26% and 50% (++); and the percentage of positive cells was more than 50% (+++), each of which was scored as 0, 1, 2 and 3 points, respectively, during statistical analysis.
Immunohistochemical staining of Bax, NF-κB P65 proteins and TUNEL staining in the kidneys: After the tissue microarray sections of kidney, with a core size of 1.5 mm in diameter, were prepared, Bax, NF-κB p65 immunostaining and TUNEL staining were conducted, respectively. The Envision two-step method was used to detect the expression range). Analysis of variance and pairwise comparisons were used for normal data, whereas non-normal data were subjected to non-parametric test, among which Kruskal-Wallis H test was used for pairwise comparisons and Mann-Whitney U test for multiple comparisons. Yates' chi-square test (χ 2 ) was used for intergroup comparisons of mortality rates.
Results
SAP-associated experiments
Comparison of mortality rate: One and five rats died in the model control groups respectively at 3 and 12 hours after operation, respectively; three died in the treated group at 12 hours after operation; and no rats died in the remaining groups. There was no marked difference in mortality rate between the time points at 3 and 6 hours after operation. Comparison of the content of serum CREA: At all-time points after operation, the contents of serum CREA in model control group were significantly higher than those in sham-operated group (P<0.001); At 3 and 12 hours after operation, the contents in Salvia miltiorrhizae treated group were significantly higher than those in sham-operated group (P<0.01);
At 6 and 12 hours after operation, the contents in model control group were significantly higher than those in Salvia miltiorrhizae treated group (P<0.01). The results were shown in Table 1 .
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Gross pathological changes: In sham-operated group, the kidney showed normal morphology and color at all-time points after operation. In model control group, at 3 hours after operation, no obvious gross pathological changes were seen; At 6 and 12 hours after operation, renal swelling and capsular tension were viewed, red spots were scattered on the surface of renal capsule in some rats, and intrapelvic urine became slightly bloody in severe cases. In treated group, at 6 and 12 hours after operation, the gross pathological changes in kidney were milder than those in model control group.
Pathological changes under light microscopy: In sham-operated group, the kidney was basically normal at all-time points after operation; the hyperplasia and edema could be seen in few glomerular cells and renal tubular epithelial cells, respectively. In model control group, the boundaries of renal tubular epithelium were obscure, and the lumen of renal tubules became narrow; protein casts and interstitial edema were seen; the hyperplasia and edema could be seen in extremely few glomerular cells and renal tubular epithelial cells, respectively; glomerular capillary congestion, scattered necrosis of renal tubular epithelial cells, interstitial edema and inflammatory cell infiltration can be seen in very few rats; the above-mentioned pathological changes were aggravated with the prolongation of time. In treated group, the above-mentioned pathological changes were, to varying degrees, milder than those in model control group.
See Figure 1 Pathological changes under electron microscopy: In sham-operated group, the kidney showed normal morphology and structure, and vacuolation was seen in few mitochondria. In model control group, the microvilli in proximal tubules were arranged loosely and shed to form casts; dissolution, necrosis and vacuolation of epithelial cells, dilation and disorderly arrangement of rough endoplasmic reticulum, vacuolation and degeneration of mitochondria, and increased lysosomes were seen; interstitial edema and red blood cell exudation into lumen in renal tubules were more obvious. In treated group, vacuolation and degeneration of glomerular capillary epithelial cells, increased lysosomes, and shedding of the microvilli in partial proximal tubules were viewed.
Comparison of the pathological severity score in kidney: The pathological severity score were based on those described in the literature . At all-time points after operation, the pathological score in kidney in model control group and Salvia miltiorrhizae treated group were significantly higher than those in sham-operated group (P<0.05); At 6 hours after operation, the score in Salvia miltiorrhizae treated group was significantly lower than that in model control group (P<0.05).
Pathological examination of the kidney
Comparison of the staining intensity of Bax protein of kidney: The positive signals for Bax protein were localized in the cytoplasm of renal tubular epithelial cells. At all-time points after operation, the staining intensity of Bax protein of kidney in model control group was significantly greater than that in sham-operated group (P<0.01); there was no significant difference between sham-operated group and Salvia miltiorrhizae treated group (P>0.05); At 3 and 6 hours after operation, the staining intensity in model control group was significantly greater than that in Salvia miltiorrhizae treated group (P<0.01). The results were shown in Table 3 Comparison of the product of the staining intensity and the positive staining rate of Bax protein of kidney: At all-time points after operation, the products of the staining intensity and the positive staining rate of Bax protein of kidney in model control group were significantly higher than those in sham-operated group (P<0.01); there was no significant difference between sham-operated group and Salvia miltiorrhizae treated group (P>0.05); At 6 and 12 hours after operation, the products in Salvia miltiorrhizae treated group were significantly higher than those in model control group (P<0.01). The results were shown in Table 3 .
Comparison of the apoptosis index in kidney: The apoptosis cells were mainly renal tubular epithelial cells. At Comparison of the product of the staining intensity and the positive staining rate of NF-κBp65 protein of kidney: At 6 and 12 hours after operation, the products of the staining intensity and the positive staining rate of NF-κBp65 protein of kidney in model control group were significantly higher than those in sham-operated group (P<0.01); At all-time points after operation, there was no significant difference between Salvia miltiorrhizae treated group and sham-operated group as well as between Salvia miltiorrhizae treated group and model control group (P>0.05). The results were shown in Table 3 .
OJ-associated experiments
Comparison of mortality rate: 2, 4, 4 and 7 rats died in the model control groups on 7, 14, 21 and 28 days after operation, respectively; and 3, 2 and 4 rats died in the treated groups on 14, 21 and 28 days after operation. The mortality rates on 7 days after operation showed no marked difference among three experimental groups; On 14 and 21 days after operation, the mortality rates in the sham operation groups were significantly lower than those in the model control groups (P=0.032); On 28 days after operation, the mortality rate in the sham operation group was lower than those in both the model control group (P=0.006) and the treated group (P=0.032), and the difference was statistically significant. See Table 4 . Comparison of the content of serum BUN: On 7 and 28 days after operation, the contents of serum BUN in model control group were significantly higher than those in sham-operated group (P<0.01); On 7 days after operation, the content in Salvia miltiorrhizae treated group was significantly higher than that in sham-operated group (P<0.01); At all-time points after operation, there was no significant difference between model control group and Salvia miltiorrhizae treated group (P<0.01). The results were shown in Table 5 . Comparison of the content of serum CREA: At all-time points after operation, the contents of serum CREA in model control group and Salvia miltiorrhizae treated group were significantly higher than those in sham-operated group (P<0.01); On 21 and 28 days after operation, the contents in Salvia miltiorrhizae treated group were significantly lower than those in model control group (P<0.05). The results were shown in Table 5 .
Pathological changes in kidney
Gross pathological changes: In sham-operated group, no obvious abnormality was seen at all-time points after operation. In model control group, the pathological changes were aggravated with the prolongation of time; diffuse yellow staining of renal capsule, cortex and medulla was seen; On 21 and 28 days after operation, renal cortex in nearly half of rats showed brownish-black color; At all-time points after operation, the kidney showed no changes in size and texture. On 7 and 14 days after operation, no obvious difference was seen between treated group and model control group; On 21 and 28 days after operation, renal cortex in 80% of rats in treated group showed dark brown color, which was lighter than that in model control group; renal medulla showed yellow color; the kidney showed no changes in size Comparison of the pathological scores in kidney: The comparison was performed based on the pathological severity score that we established according to experimental needs (see Table 6 for details). At all-time points after operation, the pathological scores in kidney in model control group and Salvia miltiorrhizae treated group were significantly higher than those in sham-operated group (P>0.05); there was no significant difference between Salvia miltiorrhizae treated group and model control group (P>0.05). Med, (2017) 14 (1): 103-124  doi:10.21010/ajtcam.v14i2.12 after operation, no significant difference in the staining intensity was noted between Salvia miltiorrhizae treated group and sham-operated group as well as between Salvia miltiorrhizae treated group and model control group (P>0.05). The results were shown in Table 7 . See Figure 24 -29. Comparison of the product of the staining intensity and the positive staining rate of Bax protein of kidney: On 21 days after operation, the product of the staining intensity and the positive staining rate of Bax protein of kidney in model control group was significantly higher than that in sham-operated group (P<0.01); At all-time points after operation, there was no significant difference between sham-operated group and Salvia miltiorrhizae treated group (P>0.05); On 21 days after operation, the product in Salvia miltiorrhizae treated group was significantly lower than that in model control group (P<0.01). The results were shown in Table 7 .
Guibing et al., Afr J Tradit Complement Altern
Comparison of the apoptosis index in kidney: The apoptosis cells were mainly renal tubular epithelial cells. on 14 days after operation, the apoptosis index in kidney in model control group was significantly higher than that in sham-operated group (P<0.01); At all-time points after operation, no significant difference in the apoptosis index was noted between Salvia miltiorrhizae treated group and sham-operated group (P>0.05); On 14 days after operation, the apoptosis index in Salvia miltiorrhizae treated group was significantly lower than that in model control group (P<0.01).
The results were shown in Table 7 See Figure 30 At all-time points after operation, no significant difference in the product of the staining intensity and the positive staining rate of NF-κB p65 protein of kidney was noted between sham-operated group and model control group, between sham-operated group and Salvia miltiorrhizae treated group as well as between model control group and Salvia miltiorrhizae treated group (P>0.05). The results were shown in Table 7 . . The results of this study showed that the expression levels of NF-κB protein, which were well correlated with the severity of pathological changes in renal tubules and glomeruluses, were significantly enhanced in the kidney of SAP rats in model control group. However, Salvia miltiorrhizae had no obvious effect on the expression of this protein though it could significantly improve the pathological changes in kidney. Therefore, we think that the protective effect of Salvia miltiorrhizae on the kidney of SAP rats may be unrelated with the expression levels of NF-κB protein. Nevertheless, NF-κB protein, as an important inflammatory factor in SAP, is indirectly involved in apoptosis and necrosis in multiple organs Rakonczay, et al., 2008; Zhao, et al., 2007) . In general, NF-κB refers to the p50-Rel-A (p65) complex. At present, we can only buy the reagent kits to detect NF-κB is usually detected NF-κB p65. In this study, it is feasible to reflect the changes of the content of NF-κB by detecting the expression of NF-κB p65.
Therefore, its effect should not be neglected. Salvia miltiorrhizae is able to significantly improve the pathological changes in the kidney of SAP and OJ rats, which is mainly manifested as reducing inflammatory cell infiltration, protecting glomerular capillary, decreasing the shedding and necrosis of renal tubular epithelial cells, and stabilizing the structure of cell organelles. Additionally, Salvia miltiorrhizae also has some protective effects on Med, (2017) 14 (1): 103-124  doi:10.21010/ajtcam.v14i2.12 excessive apoptosis-induced renal injury in SAP and OJ through downregulating the expression of Bax protein. This protective effect is beneficial to the recovery of renal function. Salvia miltiorrhizae has features of diverse pharmacological actions, low cost and few side-effects, it has better application prospect and economic values, and deserves to be popularized.
